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Abstract
In this studywe developed 25 computed tomography descriptors among 117 patientswith lung adenocarcinoma
to semiquantitatively assess their association with overall survival. Pleural attachment was signiﬁcantly asso-
ciated with an increased risk of death and texture was most important for distinguishing histological subtypes.
This approach has the potential to support automated analyses and develop decision-support clinical tools.
Background: Computed tomography (CT) characteristics derived from noninvasive images that represent the entire
tumor might have diagnostic and prognostic value. The purpose of this study was to assess the association of a
standardized set of semiquantitative CT characteristics of lung adenocarcinoma with overall survival. Patients and
Methods: An initial set of CT descriptors was developed to semiquantitatively assess lung adenocarcinoma in patients
(n ¼ 117) who underwent resection. Survival analyses were used to determine the association between each char-
acteristic and overall survival. Principle component analysis (PCA) was used to determine characteristics that might
differentiate histological subtypes. Results: Characteristics signiﬁcantly associated with overall survival included
pleural attachment (P < .001), air bronchogram (P ¼ .03), and lymphadenopathy (P ¼ .02). Multivariate analyses
revealed pleural attachment was signiﬁcantly associated with an increased risk of death overall (hazard ratio [HR],
3.21; 95% conﬁdence interval [CI], 1.53-6.70) and among patients with lepidic predominant adenocarcinomas (HR,
5.85; 95% CI, 1.75-19.59), and lymphadenopathy was signiﬁcantly associated with an increased risk of death among
patients with adenocarcinomas without a predominant lepidic component (HR, 3.07; 95% CI, 1.09-8.70). A PCA model
showed that texture (ground-glass opacity component) was most important for separating the 2 subtypes. Conclu-
sion: A subset of the semiquantitative characteristics described herein has prognostic importance and provides the
ability to distinguish between different histological subtypes of lung adenocarcinoma.
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e142characteristics and staging are commonly used to determine treat-
ment, intratumoral heterogeneity can be a limiting factor to predict
prognosis and treatment response. Thus, characteristics derived
from analyses of radiological images that represent the entire tumor
might have diagnostic and prognostic value. Speciﬁcally, imaging
features that are associated with the underlying tumor biology could
have clinical translational implications. For example, in contrast to
solid- or micropapillary-predominant adenocarcinoma, lepidic-
predominant adenocarcinoma could eventually be treated with
optimized tissue-sparing resection because of the much better
outcome and the scarcity of nodal metastases in this subtype.4
Medical imaging can provide noninvasive measurements of tu-
mor features. However, current radiological practice is generally
qualitative and provides only limited quantitative information such
as dimensional measurements of tumor size. Efforts have been made
to develop a standardized lexicon for description of lung tumor
features and a standard method for conversion of these descriptors
into quantitative, mineable data with the intent of discovering their
associations with patient survival.5-7 Computational technical
development has permitted a high-throughput process in which a
large number of shape, edge, and texture imaging features are
extracted.8,9 However, computerized algorithms are more highly
dependent on harmonized acquisition and reconstruction parame-
ters than are human readers. The environment of the tumor, which
includes important prognostic information, such as desmoplastic
response, vascular supply, or localized inﬁltration of the tumor
cannot be segmented effectively. Therefore, computational analysis
is not yet able to replace the trained eyes of a radiologist. Never-
theless, computer-derived features can aid radiological diagnosis
with extraction of quantitative and unbiased features.
Computationally-derived imaging features have been developed to
annotate radiological observations,10,11 and the expertise of the
radiologist can provide guidance for automated approaches to
develop the imaging features that have clinical relevance. Thus, we
hypothesized that a standardized set of semiquantitative imaging
features can predict prognosis of the patients and beneﬁt the
development of prognostic-relevant computerized features.
The purpose of this study was to develop and test a standardized
set of semiquantitative computed tomography (CT) descriptors of
lung adenocarcinoma and assess their association with overall sur-
vival. This approach has the potential to support automated analyses
by providing guidance and expert evaluation of necessary imaging
characteristics, and it can ultimately be used to develop decision-
support clinical tools to increase accuracy and efﬁciency of radio-
logical diagnosis.
Patients and Methods
Study Population
The institutional review board approved this retrospective study
and waived the informed consent requirement. Data were collected
and handled in accordance with the Health Insurance Portability
and Accountability Act. This study included 117 patients diagnosed
with histologically conﬁrmed adenocarcinoma of the lung who had
surgery for primary lung cancer in our institution between January
2006 and June 2009. The mean age of the patients was 65.1  7.5
years, 93.3% self-reported race as white, 55.2% were female, 90.5%
were ever-smokers, and 47% had stage I lung cancer. According to- Clinical Lung Cancer November 2015their growth pattern, we classiﬁed tumors into 2 subtypes as in
previous studies12-14: (1) lepidic predominant adenocarcinomas
(n ¼ 55); and (2) adenocarcinomas without a predominant lepidic
growth (n ¼ 62); among these cases, 11 had a small proportion of a
lepidic component. Lepidic growth pattern was deﬁned as involving
alveolar septa with a relative lack of acinar ﬁlling. In terms of the
new multidisciplinary classiﬁcation of lung adenocarcinoma spon-
sored by the International Association for the Study of Lung Can-
cer, American Thoracic Society, and European Respiratory Society
in 2011,15 our subtype of lepidic predominant adenocarcinomas
included adenocarcinoma in situ, minimally invasive adenocarci-
noma, and lepidic predominant invasive adenocarcinoma.
Computed Tomography Imaging and Analyses
All CT scans were performed before surgery. Ninety-ﬁve patients
underwent contrast-enhanced CT scan and 22 patients had non-
enhanced CT scan.
A clinical radiologist with 7 years of experience in chest CT
diagnosis developed 25 descriptors and subsequently reviewed all of
the CT images. The goal was to develop an initial set of descriptors
that would cover a broad area of characteristics with as much res-
olution as possible. As shown in Table 1, these descriptors were
classiﬁed into 3 categories: (1) measures that describe the tumor
(n ¼ 16); (2) measures that describe the surrounding tissue (n ¼ 5);
and (3) measures that describe associated ﬁndings (n ¼ 4). Among
these descriptors, 17 were rated using a 1 to 5 ordinal scale and 8
descriptors were binary categorical variables. Examples of CT images
for each scale of characteristics are shown in Supplemental Figure 1
(in the online version).
Our set of descriptors was adapted in part from the Breast Im-
aging Reporting and Data System (BI-RADS) of the American
College of Radiology,16,17 although differences exist between degree
(eg, we used 5 levels compared with 2) and organ-speciﬁc de-
scriptions. We also adapted measures from the lexicon of the
Fleischner Society18 that captured lung cancer features. Other de-
scriptors were adapted from the literature.19,20 In particular, we
combined “cavity” and “pseudocavity” used by the Fleischner So-
ciety into “air space” as did Matsuki et al20 because of the difﬁculty
of differentiation of them on CT images. The tumor size was
measured in the long axis and then classiﬁed according to new 7th
lung cancer tumor, node, metastases classiﬁcation and staging sys-
tem, which has 5 size-based categories with cutoff points at 2, 3, 5,
and 7 cm.21
Each tumor was rated by assessing all slices and reporting with a
standardized scoring sheet. A second radiologist, with 5 years of
experience in chest CT diagnosis, then independently rated the
cases using the scoring sheet after training.
Statistical Analyses
The agreement between the 2 readers was measured using Kappa
for binary variables or Weighted Kappa index for ordinal variables.
The k value was interpreted as follows: < 0: poor agreement; 0 to
0.2: slight agreement; 0.2 to 0.4: fair agreement; 0.4 to 0.6: mod-
erate agreement; 0.6 to 0.8: substantial agreement; > 0.8: almost
perfect agreement.22
KaplaneMeier survival curves with the log-rank test were per-
formed using R version 2.14 (R Project for Statistical Computing;
Table 1 Distribution and Lexicon of the CT Imaging Characteristics
CT Characteristic n (%) Deﬁnition Scoring Deﬁnition
Tumor
Space localization
Location Lobe location of the tumor
1 35 (29.9) 1-Right upper lobe
2 9 (7.7) 2-Right middle lobe
3 20 (17.1) 3-Right lower lobe
4 37 (31.6) 4-Left upper lobe
5 16 (13.7) 5-Left lower lobe
Distribution Central location: tumor located in the segmental or more
proximal bronchi; peripheral location: tumor located in the
subsegmental bronchi or more distal airway
0 9 (7.7) 0-Central
1 108 (92.3) 1-Peripheral
Fissure attachment Tumor abuts the ﬁssure, tumor’s margin is obscured by
the ﬁssure
0 81 (69.2) 0-No
1 36 (30.8) 1-Yes
Pleural attachment
0 82 (70.1) 0-No
1 35 (29.9) 1-Yes
Size The greatest dimension in lung window
1 29 (24.8)a 1-long axis 2 cm
2 46 (39.3) 2-long axis >2 and 3 cm
3 35 (29.9) 3-long axis >3 and 5 cm
4 7 (6.0) 4-long axis >5 and 7 cm
5 0 5-long axis >7 cm
Shape
Sphericity Roundness
1 7 (6.0) 1-Round
2 18 (15.4) 2, 3, 4, 5-Elongated with increasing degrees
3 65 (55.6)
4 24 (20.5)
5 3 (2.6)
Lobulation Contours with undulations
1 3 (2.6) 1-None
2 34 (29.1) 2, 3, 4, 5-Lobulated with increasing degrees
3 48 (41.0)
4 28 (23.9)
5 4 (3.4)
Concavity Concave cuts
1 6 (5.1) 1-None
2 37 (31.6) 2, 3, 4, 5-Concave with increasing degrees
3 38 (32.5)
4 28 (23.9)
5 8 (6.8)
Irregularity Complex shape
1 0 1-Smooth
2 22 (18.8) 2, 3, 4, 5-Irregular with increasing degrees
3 44 (37.6)
4 34 (29.1)
5 17 (14.5)
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Table 1 Continued
CT Characteristic n (%) Deﬁnition Scoring Deﬁnition
Margin
Border deﬁnition Well or ill-deﬁned border
1 2 (1.7) 1-Well deﬁned
2 50 (42.7) 2, 3, 4, 5-Poorly deﬁned with increasing degrees
3 40 (34.2)
4 17 (14.5)
5 8 (6.8)
Spiculation Lines radiating from the margins of the tumor
1 6 (5.1) 1-None
2 46 (39.3) 2, 3, 4, 5-Spiculated with increasing degrees
3 33 (28.2)
4 26 (22.2)
5 6 (5.1)
Density
Texture Solid or ground-glass opacity
1 3 (2.6) 1-Nonsolid (pure ground-glass opacity)
2 18 (15.4) 2-Partly solid, small extent of solid component
3 35 (29.9) 3-Partly solid, large extent of solid component
4 30 (25.6) 4-Solid, with relatively low density
5 31 (26.5) 5-Solid
Air Space Including cavity and pseudocavity because of the
difﬁculty to differentiate on CT images
1 65 (55.6) 1-None
2 30 (25.6) 2, 3, 4, 5-From small to large extent of lucency
3 16 (13.7)
4 5 (4.3)
5 1 (0.9)
Air Bronchogram Tube-like or branched air structure within the tumor
1 75 (64.1) 1-None
2 26 (22.2) 2, 3, 4, 5-From small to large extent of air
bronchogram
3 8 (6.8)
4 6 (5.1)
5 2 (1.7)
Enhancement
Heterogeneity
Heterogeneity of tumor on contrast-enhanced images
1 2 (1.7) 1-Homogeneous
2 10 (8.6) 2, 3, 4, 5-From mildly to highly heterogeneous
3 34 (29.1)
4 28 (23.9)
5 18 (15.4)
NA 25 (21.4)
Calciﬁcation Any patterns of calciﬁcation in the tumor
0 111 (94.9) 0-No
1 6 (5.1) 1-Yes
Surrounding Tissues
Pleural retraction Retraction of the pleura toward the tumor
1 12 (10.3) 1-None
2 34 (29.1) 2, 3, 4, 5-From slight to obvious pleural retraction
3 42 (35.9)
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Table 1 Continued
CT Characteristic n (%) Deﬁnition Scoring Deﬁnition
4 26 (22.2)
5 3 (2.6)
Vascular convergence Convergence of vessels to the tumor, only applied to the
peripheral tumors
1 23 (19.7) 1-None
2 35 (29.9) 2, 3, 4, 5-From slight to obvious
vascular convergence
3 22 (18.8)
4 24 (20.5)
5 6 (5.1)
NA 7 (6.0)
Thickened adjacent
bronchovascular bundle
Widening of adjacent bronchovascular bundle
1 83 (70.9) 1-None
2 15 (12.8) 2, 3, 4, 5-From slightly to obviously thickened
3 17 (14.5)
4 1 (0.9)
5 1 (0.9)
Emphysema periphery Peripheral emphysema caused by the tumor or
preexisting emphysema
1 52 (44.4) 1-None
2 25 (21.4) 2, 3, 4, 5-From mild to severe emphysema
3 28 (23.9)
4 9 (7.7)
5 3 (2.6)
Fibrosis periphery Peripheral ﬁbrosis caused by the tumor or
preexisting ﬁbrosis
1 7 (6.0) 1-None
2 27 (23.1) 2, 3, 4, 5-From mild to severe ﬁbrosis
3 50 (42.7)
4 26 (22.2)
5 7 (6.0)
Associated Findings
Nodules in primary tumor
lobe
Any nodules suspected to be malignant or indeterminate
0 60 (51.3) 0-No
1 57 (48.7) 1-Yes
Nodules in nontumor
lobes
Any nodules suspected malignant or indeterminate
0 45 (38.5) 0-No
1 72 (61.5) 1-Yes
Lymphadenopathy Thoracic lymph nodes with short axis >1 cm
0 83 (70.9) 0-No
1 34 (29.1) 1-Yes
Vascular involvement Vessels narrowed, occluded, or encased by the tumor, only
applied to the contrast-enhanced images
0 33 (28.2) 0-No
1 61 (52.1) 1-Yes
NA 23 (19.7)
Abbreviation: CT ¼ computed tomography.
aNone of the long axis tumor sizes were smaller than 1.02 cm.
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Table 2 Hazard Ratios for the Association of the CT Characteristics With Overall Survival
Overall Subtype 1a Subtype 2a
mHR (95% CI)b mHR (95% CI)b mHR (95% CI)b
Main Effects
Pleural attachment 3.21 (1.53-6.70) 5.85 (1.75-19.59) 1.83 (0.61-5.52)
Air bronchogram 1.21 (0.58-2.54) 0.99 (0.28-3.55) 1.18 (0.44-6.18)
Lymphadenopathy 1.89 (0.91-3.92) 0.48 (0.05-4.53) 3.07 (1.09-8.70)
Final Modelc
Pleural attachment 3.40 (1.57-7.40) 5.86 (1.75-19.59) NI
Air bronchogram NI NI NI
Lymphadenopathy 1.97 (0.92-4.21) NI 3.07 (1.09-8.71)
Values shown in bold font indicate a statistically signiﬁcant result.
Abbreviations: CT ¼ computed tomography; mHR ¼ multivariable hazard ratio; NI ¼ not included in ﬁnal model.
aSubtype 1 is lepidic predominant adenocarcinomas; subtype 2 is adenocarcinomas without a predominant lepidic component.
bAdjusted for age, race, sex, smoking status, histological subtype, long axis tumor size (cm), and stage, where appropriate.
cThe ﬁnal models were derived from reverse stepwise regression modeling with a 0.1 signiﬁcance level for inclusion into the model. Adjustment factors were forced into the reverse stepwise selection
model.
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e146http://www.r-project.org) and multivariable Cox proportional hazard
regression was performed using Stata/MP 12.1 (StataCorp LP,
College Station, TX). Among characteristics that were found to be
statistically signiﬁcantly associated with overall survival in univariate
analyses, we used reverse selection methods to model which sets of
CT characteristics were associated with overall survival. Standard
clinical risk factors, including age, race, sex, smoking status, histo-
logical subtype, long axis tumor size (cm), and clinical stage were
incorporated into the modeling where appropriate. We also per-
formed Classiﬁcation And Regression Tree (CART) adapted for
failure time data that used the Martingale residuals of a Cox model
to approximate c2 values for all possible cut points for the char-
acteristics (http://econpapers.repec.org/software/bocbocode/s456776.
htm). The false discovery rate (FDR) was used to account for
multiple testing. The previous value for a feature with an FDR
 0.25 is regarded as modest conﬁdence that the association is
unlikely to represent a false-positive result and a feature with an
FDR  0.05 is regarded as high conﬁdence that the association is
unlikely to represent a false positive result.
Principle component analysis (PCA) was performed using
Evince V2.5.5 (UmBio AB, Umeå, Sweden) to determine char-
acteristics that might differentiate histological subtypes. PCA is a
technique that reduces a high-dimensional data set to a low-
dimensional data set while retaining most of the variation in
the data.23 The new low-dimensional data set is created by the
PCA-derived principal components also called scores. These are a
linear combination of all variables, where the loadings describe the
importance of the original variable for each principal component.
The ﬁrst principal component describes most of the variance and
is often considered the most important principal component, and
the following principal components show a decreasing amount of
explained variance. The results of PCA models are frequently
visualized in score and loading plots. The score plot is related to
the samples and shows which samples are similar to each other,
groupings between classes of samples, and also outliers. The
loading plot shows which variables are important for the results
seen in the score plot and also which variables are similar to- Clinical Lung Cancer November 2015each other. Each variable was normalized to unit variance before
PCA.
Results
Reader Reproducibility
All cases (n ¼ 117) were independently read by 2 radiologists.
The agreement of the 2 readers, measured according to the k value,
ranged between 0.68 and 1.00. Lobulation, concavity, pleural
retraction, ﬁbrosis periphery, and nodules in nontumor lobes were
in substantial agreement and all other characteristics had almost
perfect agreement (see Supplemental Table 1 in the online version).
Semiquantitative CT Characteristics and Overall
Survival
Computed tomography imaging data were available for 117 pa-
tients (Table 1) but complete survival data were only available for
105 patients. The range of the tumor size was 1.02 cm to 6.72 cm
(mean, 2.89  1.22 cm). Based on the distributions in Table 1, we
analyzed the association of each of the 25 characteristics with overall
survival (Figures 1 and 2, and see Supplemental Figure 2 in the
online version). The characteristics that were statistically signiﬁ-
cantly associated with overall survival (Figure 1) were pleural
attachment (P < .001), air bronchogram (P ¼ .03), and lymph-
adenopathy (P ¼ .02). Size, lobulation, and thickened adjacent
bronchovascular bundle were also signiﬁcantly associated with
overall survival (P < .05), yet the associations were likely driven by
small numbers in the distribution of the descriptors. This can be
observed in Figure 2, where the extremes of the characteristic dis-
tributions represented the poorer survival groups. FDR revealed
with high conﬁdence that the association between pleural attach-
ment and overall survival (FDR ¼ 0.022) was unlikely to represent
a false-positive result. FDR revealed with modest conﬁdence that
the associations of air bronchogram (FDR ¼ 0.213) and lymph-
adenopathy (FDR ¼ 0.212) with overall survival were unlikely to
represent a false-positive result.
As shown in Table 2, for the multivariable Cox proportional
hazard models we ﬁrst determined the main effects for pleural
Figure 1 KaplaneMeier Survival Curves for Pleural Attachment (A), Air Bronchogram (B), and Lymphadenopathy (C) of All
Adenocarcinomas, Which Are Statistically Signiﬁcantly Associated With Overall Survival
Hua Wang et alattachment, air bronchogram, and lymphadenopathy, and then
stratiﬁed the data according to histological subtype. Pleural
attachment (hazard ratio [HR], 3.21; 95% conﬁdence interval [CI],
1.53-6.70) was statistically signiﬁcantly associated with an increased
risk of death among all patients and among patients with lepidic
predominant adenocarcinomas (HR, 5.85; 95% CI, 1.75-19.59).
For patients with adenocarcinomas without a predominant lepidic
growth, lymphadenopathy was associated with an increased risk of
death (HR, 3.07; 95% CI, 1.09-8.70). A reverse stepwise selection
approach revealed ﬁndings similar to our main effects analyses.
When we performed a CART analysis (Figure 3) for pleural
attachment, air bronchogram, and lymphadenopathy, we found that
patients without pleural attachment and without lymphadenopathyhad signiﬁcantly improved survival compared with patients with
pleural attachment (P < .001).
Differences Between the Characteristics of Histological
Subtypes
Principle component analysis of the imaging characteristics
identiﬁed 2 principal components that explained 14% and 11%
(totally 25%) of the variance. These 2 principal components
demonstrated that the 2 subtypes (lepidic predominant adenocar-
cinomas and adenocarcinomas without a predominant lepidic
growth) were separable, as shown in the PCA score plot in
Figure 4A. The separation of the 2 subtypes was mostly along the
second principal component, shown on the y-axis. The PCAClinical Lung Cancer November 2015 - e147
Figure 2 KaplaneMeier Survival Curves for Size (A), Lobulation (B), and Thickened Adjacent Bronchovascular Bundle (C) of All
Adenocarcinomas, Which Are Suggestive of Association With Overall Survival
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for separating the 2 subtypes, when lepidic predominant adeno-
carcinomas tended to have more of a ground-glass appearance
(ie, lower value for the texture characteristic). It is also noteworthy
that the surrounding tissues and associated ﬁndings were important
to the PCA model (their loading values were not 0) and added
important information to the tumor characteristics, as shown in
Figure 4B. Interestingly, adenocarcinomas with only a minimal
lepidic component also showed some extent of lepidic growth
characteristics. As shown in Figure 4A, some of the adenocarci-
nomas without a predominant lepidic growth “misclassiﬁed” into
the subtype of lepidic predominant adenocarcinomas were actually
adenocarcinomas with a small proportion of a lepidic component.- Clinical Lung Cancer November 2015Discussion
In this study we developed 25 CT descriptors among 117 pa-
tients with lung adenocarcinoma and found that, of these, pleural
attachment was most signiﬁcantly associated with an increased risk
of death overall and among patients with lepidic predominant ad-
enocarcinomas, and lymphadenopathy was signiﬁcantly associated
with an increased risk of death among patients with adenocarci-
nomas without a predominant lepidic component.
We used the lexicon of BI-RADS and the Fleischner Society as
the guiding principle to develop our descriptors for lung cancer.
However, our goal was not limited to structured reporting; we
aimed to develop a lexicon that could support automated analysis
in the clinical setting by providing guidance and expert evaluation
Figure 3 Decision Tree (A) and KaplaneMeier Survival Curves (B) Based on CART Analyses for the 3 Statistically Signiﬁcant
Characteristics in Figure 1
Hua Wang et alof important imaging characteristics. In many instances, doc-
umenting the presence of a given characteristic might be insuf-
ﬁcient. For example, previous work used spiculation as one
possible margin rating. In contrast, we used spiculation as a
variable unto itself with 5 degrees. We intentionally broadened
the ordinal scale, which is important for developing quantitative
measures that can distinguish prognostic groups with higher res-
olution and provide the opportunity for automated analytical
techniques to be designed to detect features not detectable by the
human eye.
Many investigators23-27 have reported a correlation between
histopathologic and CT ﬁndings in adenocarcinomas. Adenocar-
cinomas showing ground-glass opacity (GGO) on CT scans
usually possess a lepidic growth pattern. In our study we analyzed
the semiquantitative CT characteristics of adenocarcinomas
using PCA modeling and found lepidic predominantadenocarcinomas can be separated from adenocarcinomas without
a predominant lepidic growth, and the most important charac-
teristic that differentiated those 2 subtypes was texture (GGO
component). We further analyzed the adenocarcinomas without a
predominant lepidic growth and it was interesting that adeno-
carcinomas with only a minimal lepidic component also showed
some extent of lepidic growth characteristics. These results suggest
semiquantitative CT characteristics can be used to predict histo-
logical subtypes of adenocarcinoma based on the lepidic
component.
Some reports have shown prognostic factors of lung adenocar-
cinoma from CT ﬁndings.24,28,29 A smaller extent of GGO, lack
of lobulation, lack of air bronchograms, presence of coarse spic-
ulation, or thickening of bronchovascular bundles around the
tumors have been correlated with poorer survival, which was
similar to our results. However, because some characteristics of ourClinical Lung Cancer November 2015 - e149
Figure 4 Principle Component Analysis Plot. The Score Plot (A)
Shows a Separation Between the Different Subtypes:
Lepidic Predominant Adenocarcinomas (Green
Squares), Adenocarcinomas Without a Lepidic
Component (Blue Circles), and Adenocarcinomas
With a Small Proportion of a Lepidic Component
(Orange Triangles). The Loading Plot (B) Shows How
the Characteristics Are Related to Each Other and
Which Characteristics Separate the Subtypes.
Characteristics Related to Tumor Are Represented by
Blue Circles, Surrounding Tissues by Yellow Squares,
and Associated Findings by Dark Red Triangles
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cannot make a deﬁnite conclusion because of the small sample
size. We did not observe a relationship between extent of GGO
with survival. Because this relationship was reported to be found in
small (< 3 cm) tumors,24,28,29 it should be investigated further
using quantitative GGO evaluation with computerized methods.
This approach would be helpful to determine the prognostic value
of GGO or GGO ratio. In particular, we found that pleural
attachment was one of the most important characteristics corre-
lated with overall survival, especially for lepidic predominant ad-
enocarcinomas. Visceral pleural invasion in lung cancer increases T
staging from T1 to T2 even if the tumor is < 3 cm in size. As we
know, simple contact between the tumor and neighboring struc-
tures does not necessarily mean invasion; CT ﬁndings can be
ambiguous concerning thoracic invasion.30 Although the CT
ﬁndings of pleural attachment differed from pathological pleural
tumor invasion, this simple characteristic appeared to have prog-
nostic signiﬁcance. In addition, we found that the prognostic
factors for lepidic predominant adenocarcinomas were different- Clinical Lung Cancer November 2015from those for adenocarcinoma without a predominant lepidic
growth. This suggests that the different histological subtypes of
adenocarcinoma based on the lepidic component should be
analyzed separately when semiquantitative CT characteristics are
assessed for their association with lung cancer outcomes.
There are several limitations in the present study. First, the
sample size of our study was 117 patients and only small numbers
of cases were rated into the extreme scales of some descriptors,
which could have an effect on the survival analysis. Second, the
CT parameters were not consistent for all the cases, and some CT
scans were not performed with thin slices. However, because this
was a retrospective study with 5-year survival status of the pa-
tients, we aimed to keep the sample size as large as possible.
Third, we classiﬁed the tumors according to their growth pattern;
we did not further classify the histological subtype because of the
relatively small sample size, and our study showed that CT
characteristics and prognostic factors of lepidic predominant ad-
enocarcinomas are different from other subtype of adenocarci-
noma. In addition, we did not analyze the effect of surgical
technique and other treatments after surgery on survival. More-
over, the information of positron emission tomography-CT scan
is useful to predict survival; we will include that information in
the future studies.
Conclusion
The initial results of our study show that semiquantitative CT
characteristics were associated with overall survival in a cohort of
lung adenocarcinoma patients. Speciﬁcally, pleural attachment was
associated with an increased risk of death, especially among lepidic
predominant adenocarcinomas. Texture was most important for
distinguishing lung adenocarcinomas with and without a predom-
inant lepidic component.
Clinical Practice Points
 Efforts have been made to develop a standardized lexicon for
describing lung tumor features and a standard method for
converting these descriptors into quantitative, mineable data
with the intent of discovering their associations with patient
survival.
 A subset of the semiquantitative characteristics described
herein has prognostic importance and provides the ability to
distinguish between different histological subtypes of lung
adenocarcinoma.
 The retrievable data elements in the semiquantitative CT char-
acteristics can be used for data mining and development of
automated objective features, which would beneﬁt therapy
planning and ultimately improve patient care.Acknowledgments
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Supplemental Table 1 Agreement Between the 2 Readers
Characteristic (Weighted) k
Location 0.969
Distributiona 0.866
Fissure Attachmenta 0.896
Pleural Attachmenta 0.840
Size 1
Sphericity 0.884
Lobulation 0.782
Concavity 0.714
Irregularity 0.883
Border Deﬁnition 0.896
Spiculation 0.889
Texture 0.866
Air Space 0.887
Air Bronchogram 0.897
Enhancement Heterogeneity 0.935
Calciﬁcationa 1
Pleural Retraction 0.788
Vascular Convergence 0.893
Thickened Adjacent
Bronchovascular Bundle
0.943
Emphysema Periphery 0.847
Fibrosis Periphery 0.676
Nodules in Primary Tumor Lobea 0.897
Nodules in Nontumor Lobesa 0.776
Lymphadenopathya 0.958
Vascular Involvementa 0.840
aBinary variable.
Hua Wang et al
Clinical Lung Cancer November 2015 - e163
